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EBSftfclTIHfflfijteft i l*JJ:W«ft|«3tSl 2t<Do 

■hnmrnifimmytm 1 1 tME^a*^ 2 
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^m^^tz^(DmMtmnhthtzm^^t^ mm 

w % * m m^m * id ir] » x m at-r 5 m m t & * l 
easix-c^sr k*w&k^zm#mii£tzte2\zm 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] roo«CD® 0 B s *^^^Ji, JftMfr 

[0004] tz\z>x\ m&m^mmzte. %Mt>*b<o 
mmft&mm^xm^-rzmi&%i<Di><Dt, m&^m 

M^^^b<DffiJj&£:^&?f ft? 2 ^^M^fcOt;^ 

[0005] mmmcDm^mT^mm^, m^m^m^-co 

ia»4***^fc:*©«ffi^&Aa*U -t<z>3fe£li8fEi£ 
«*S6B«C, fitter 3^ 7^ hfc/KffSitT**-*-**: 
[0 0 0 6] RWS!o«ft**S6Brtt, 



*tTK#t-t-5S*t^®SriEBLfcfc«)-CS>?), fitr^b 
Alt LTffiTieffifi^^jR^Sraia Lfc3tSrBtrlER#t^S 

^xvmik^m^commzfartx&Mi,, t^yt&m 

[0 0 0 7] ^^S^fM^^igg^, ^COftffillit 
[0 0 0 8] 2 *^M<D^ 0 B 0 ^£lg(;}\ ^ 

i/Tifofiic, Sufe^ 0 B 0 ^^jc^^SM*-^^A 

^telft»tTa*ti-a«1IBi:fr#i-SSlt^«*rEBUfc 

^^SrfTft 5 G 
[0 0 0 9] r©2*3i-fai***«i6Btt, as^*w 

tt"CJ:i\fc», ±IESilM^ 0 e 0 ^^g^M:-<-r, tt« 
[0 0 10] 

^^-rM^ 0 B 0 ^^E) fi, lMr#a»&A*H-5fl>3fe<Z>5ft 

[ooii] -rtzfr-h^ ^(Dmmm^ms^m^^hti 

^^D^5fca6cD«^^^^e>ti7t^ 0 B 0 ir^i: % Buie^ 

[0 0 12] ^C7)^ 0 B 0 ^^^^ N — ^(DE^^-^Offi 
UTieiiiH**i: ft oT«W«^ 

fagbtt+coffifattM^fcctzmMim 9 

(I^ffi^^xTmjfB^ 0 B 0 iryu^SigLfc^(D fit 

IS^ 0 B 0 ^/W<7)ft!l^®ffi!](7){l3t^ 

[0013] z<dxo^. mmm^m^m^^ t<Dm 

atFfE-^SffiiJCD(S5ttRSrigi§LTA^L, mj 
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[0 0 15] d*U3\ ±IB2 ^^>TS!**««lil*3V^T 

[0 0 16] ^*«:««i-*Kl***«rfT 
[0 0 17] 

ESSMUr a- £ KES S ttfcfeifclK t b * 3 ft B B B Sl 
jMME**«***oir«K:BltSix, Steffi 

[0018] ztom&^mwcxtia, mmm^m^ 

«{g*«ffi < !:0 5^^ / >^< £ t>-#ii!frE«if|-fc/i'i 
1-5RttS^£><b#^ ffi#a>fctflEiRA*3**-?-fcA 
^<0«fflfi**E^AWi-5 WlcffllBlt»*ElcAlt ITS 

[0019] misa««^j:9fit»*nfc*«>5*>, «i 

E*A*«*^*B*fafcffla*3#tt. Suie^W®* 
Sl^A»i-5o w©«««*«^A»i-6*tt, HulSfiu 

J: 9SMX$*U *rE«««*«©S***fc» 



*t4ot ft A matt- 5 o 

[0 0 2 0] Z Offi H B a «^T-^W®tt']icttl^ LfcHtS 

»**U tojtis, «iE«A***^&«tfi8iBL-Ctt 

[0 0 2 1 ] Itr^blWEttiX^^^AWL 

[0 0 2 2] r^<t5i^ wO|8W^?Kfi^3gBtc:J: 
*Ui, lffi#J^&RA***^teAI*U rfl>JRA*** 
^«rafflLTIB«*i*ofc*^Ri**^89E«ft** 

^ifWcAt* L-CBBE1£»«^ i Ott**ixfc*<D o % 

^BlB«r#S- 
[0 0 2 3] 

[»WOHJfi^»«81 r©»W0>ttA*»S»W\ ±E 

-*t»E***^fc©IIIKa««*:BilUfc*l*i: 
U r^^f H ^^coW^{-, llMBftA***^* 
£>llfr*jft> 6> AW L r ^« B B B ^^T-^Sii LfcftSriiuE 

KUfcO, W*^&OA***SrJ:0#<W*i-tattU, 91 

[0024] r^>«woft***Sg«^*3v^r, SulES 

tt*SHU MfBffi B B B ^^^3S^U7t^^Alt7t<b 

u ^co^^sfrfeffi B B B ^^(r^itTSMi-^Stt^ 

flak, HHW*«:1WrE*ft***^lcia»Taitr6»« 

[0025] tfc, «rE«ft***^-tt, wm$m 

WSU, KM**^ «r w© J: 5 4«*i: t6 C i 
fc^ B B B ^(7>ga^^co^t:{c:^#^<. ^ B B B ^^^ 

[0 0 2 6] 



(4) 
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immm] b i a:©»wo» 1 osmsw«:*t«fi* 

[0 0 2 7] ;i0>mOT0ttA*93$att* ^3tS:*«Jffl 
/T^9 2^iot^)T*fc^ HO (a) fi, 
HIIO (b) tt, fiSW*Sr*iJffli-SSia»^tt^>3t 

[OO2 8]$ 0 B 0 $^l(t TN (W^fyK* 

2 BftEfiMW«ft«l 1 «bS&IB^ffiir/U2 t 
[0 0 2 9] 111 2 ttfUBttfi***^ 1 (D-^ftCDtiL-X 

[0 0 3 0] Z<DMMMxm\<^tii&gh*t^2a, T 9 

hi) Xjf3£<Dh<DX~&>y) , *:<D'&mWL4<Dfo 

Rttfe*Wfc»B5tt:, lWrK«#0>iii*«S6 kSEfrft-fS 

[0031] #*3, H"ett**u"cv^a#, mm&mm 

E«fc, #^J«>TFT^-tix-?f*tf f -^«^S:#tJ(&-r5 
[0 0 3 2] £b(C N HuIE?g?S"fe/^2(DHuSt£3COrtffi 

<£>fe s fl»Jx.fi*. W^03fe(7)^7^ — 7 R, 

7G, 7B^(tbtltl^o ^jXb^^7 — 7 4!^$ 
7R, 7G, 7 Bf*Sffi3±^figSixT*5 9. *(D± 

[0 0 3 3] *fc, SufS->PtC0S^ 3 , 4(75rtffifCfi^r 
[0 0 3 4] -t LT, B0ie—»^S® 3 , 4 fi, -t^>JB 

[0035] ^ (Dt&ikm i o futesB^^ 



8, 9^<t*9^n^tt^S«3, 4cOifi^{C*5it5IBl^ 

[0 0 3 6] ffiffiffifiir/i/2*f±3A/T*EB£ft 
fc«MW<fi*Rl l*5J:V«flBl«Jt:«l 2tt**t«'U * 

Rtf-feti/C^S. 

[0037] s^c, mjtesfrm'JM^ts 1 1 tmmmrm^^ 

[0 0 3 8] -Sr. BttEffi****^ 1 ©WSH-ERS 

*tfcs»#« 2 0 (t, flrtEKA***^ 1 jc-t 

Alt L C (PREX**^ 1 £3Sii L fc*S: fidlEiRfi* 

[0 0 3 9] roM6«-Cflav^fcKI**R2 Of*. 

i<t, ^<7)«7t«2 1 ©»ffi«fcERS*xfcR**«2 3 
t , BWB*#« 2 1 ©«*JCE«**tfc*««fB 2 4^:^ 

[0040] awe»3te« 2iit r * y /^*«MB«*o 

aStR^bftotfiJ, *BB*, ffir!E#iK»2 4 

^ffi|ti-5figK3tS:Sit)iitfAttdSffi2 1 a m 
®21 b^fttfs, ¥t&4Attittffi2 lbt $tiTV>5o 

[0 0 4 1] St, :©**«2 1©*BKtt, t©* 
tMcfrfcoT* mitE Att*ffiB 2 1 a fc Wfc*lftlC»5 

[0 0 4 2] rcolgSfiCCD^y XA«2 2f3\ StflE3(C3t*R 
**5R ^^M^ffittOEyiJ tr y ^ i: «f3c|P] S> 5 ^ 
[0 0 4 3] m 3 (iRljfS^Tt^ 21t t©»B«KEI 

m^t^V XAS52 2 fi-ttL-etL, t^Ml^ME2 
2a, 22bOH, HiJf5A#tffi® 2 1a (Z)*T^]iC®i- 
5-*c7)«#4B2 2 a£>«&ft (^3fe«2 1 00 suffix A 
tfcJ#tB2 l bOffijBhl:ittS«tA) a^, m^cDM 

[0 0 4 4] 4*5, oljfSy y XAg|5 2 2 (75— *<Offi«4ffi 
(AttS® 2 1a ©*|*]|Cffii-S««ffi) 2 2a (Dmm 

fkats i&Jjcomnffi 22a <DMmj§ mtueti* 3 

0° <a<6 0° , 0° <J3<40° <DmBT?i>9* S 
*<7)Xy XAgj^2 2CO-^-60ffi#4E2 2 
a te^COXy XAS52 2 COte^^^B 2 2a^ 
itftSylt 3 0° <y<7 0° cottffl^fcSo 
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1$BS 2001-9194 



[0045] mt?.myt&2 KommmicEmtsti 

ftiKtt^ 2 3 ft, «*fcfir/uS~*^<D&JR;|Rri>fe 
45IISStfit*fcO, :<^5ltfi2 3ll -t ©lifts 

(Sits) *i!«E**S2 ioirB©**oryxAflB 

HuB^AtUtJ® 2 l b £ Wrtcl£ftb;ftTv^6 0 

[0 0 4 6] $<bic N «wa*awB2 4tt, mi(oxo 

TU-Y 2 5 ^ (D^tM 

2 5^tHi*i-5flaK*sra(riB**«2 icoa«S2 i 

rO*K»2 4li, mJlE^7fr&2 ltf>{||#^ -£©A#t 

[0 0 4 7] BUlS^tt^S 2 0 te, filrfEa»3fclK 2 1 OBu 

E»*«2 l©ltt*KttH*i-5i:fctl^ Btria*«»2 
4<Z>3t«t2 5^<r$ttfca:#tt, :©*I»2 4#IH 
Wi"5flaW*S:B(rlB»**E2 lfc-t<DA*t*ffi2 1 a tf> 
b*9S4A/^ *0flBK3fcS:HulS3)C5fcS2 1 coAttitt® 
2 1 b±{*:^6l|»36rteai**i-6. 

[0 0 4 8] fflER*t^R2 Ofc«tSW*^&AltUfc 
31*152 lfc-t^«rffi<DAai*ffi2 1 b^AttU r 

^yxA»2 2«^ ***2 i©wa5«»!iaiti-5 0 

[0 0 4 9] * It, llWE**« 2 1 ^ffBNfCfUJH L 
fc*f4. ffiriaRi*«2 3tC±9R*tSixTBtrlEa|t3t«2 
llC*<0»ffi©«*©Xy XA«B2 2^bAWU 
^7t«2 1 Sr«t5ffS*|Bjfcai»Lr. ^©MS^Affi 
ift®2 1 bfrbmJjiz.&H'tZo 

[0 0 5 0] fc*5, S(flE#**E2 lOBtr^^Alti-5 
*f*. iWlEffiiil^SH 1 1 Cf^i^^AML, rco 

r> , WfBKA***-? 1 lc-tOHtr*^5>AAti-S^3t 

K****^ l LT*©Wffi«fctM* Lft:*te, 

WIB2»*«2 ItC, I^^*ffi]^bi^^AJtfttAW 

[0 0 5 1 ] ^ LT, 8frfBaW*fi* 2 1 (C^:<7)fiij®C0AtB 
#t© 2 1 b^?)AW L/c*tt, CC0^7t^2 1 £J?£* 

fiijicaw-rs^fc, mffixyx*ffl$2 2<0«*»E2 2 

a. 2 2bt^M (»*fi2 1 tSW2 3 <b©Pal©£ 

SUB) £©#ffi-CffiflrU £«bfc x Btjf5SM«2 3ici 
^Kt*^ttTitjfe^7t«2 l^^rOUfffi^feAWfSIR 
HulEXyXAjfB2 2(^ffi^ffi2 2 a, 2 2 b ir^M 
i:©#ET-®ifr IT, *?*ffi?itj®2 1 b coffilgh 

2 i b^e>a»*^mw-t-6 0 



[0 0 5 2] *:<Dtzfr, BfflEJKfi***^ 1 £i§i© IT 
B5ieKtt4M8: 2 OKAItU :oglt^2 0 Icj; 
StSJxft:*^ jEH*|6] (z»*«2 l©itu®2 1 b cofc 

*TS>5 0 

[0 0 5 3] MIBRlt^S 2 o (oytnm 2 4 fcjft 

*K«2 4 3a»b(OHRW*f4, mjf£^3t«2 1 (c^eDA#t 
«ffi2ia^E,A«U B3lc««*Rit?*UfcJ:5l: 
mjf2^7fe«2 l<Z>*S*fljK»*^T, w^2f3fcS2 1 
©iiu®2 1 b^^HU^Jcffllti-^o 

[0 0 5 4] i-f£t>1b. 8ME*S» 2 4 b OflBW* 
tt, mj|S^*^2 1 ^©Att*® 2 1 a A 

^-cA&r-r^o 

[0 0 5 5] -t IT, BfflBAW*ffi2 1 a^f>Altlfc 

\cmt*yt&. r©«*«2 1 ©fius^AttiM® 2 1 b t 

[0 0 5 6] * ft:, ituIS^*® 2 1 O Aftt*® 21bt 
£ ©#ffifc:*f J: D * S v *Altfc T 

AJWLft:*^, w©#®l£j; 9^:RJW£n, ££>{;:*?* 
«2 l rtSr-t^SS^fpj^^ixSo 

[0 0 5 7] — ^ N mJfB^*«2 l rtSr-tioWffijSriPiK 

©XyXA»2 2<0ia5«0«»ffi2 2 a, 22b(7)5 

fjfBAW^®2 1 a <D^fp]^®i-6f®#4® 2 2 a t 
f*K2t«Ofg#4ffi2 2 a (»*S2 1 kfcMfa2 

3 k(Dffl<D^m) ^0#®tdAttL, ^<7)5^>OBijfB 
#B(£*t UT±SltB5*A «t 5 ^Att^TAtt Lft: 

T, ^offj®(7>Afcti&rB2 i bco&^hic^-i-^^^^ 

3t«2 l ^Affilt®2 1 b kft%b(D&mcMLX±£L 
J: 9 /h £ V ^ Att^ TAtt L ft:* ^, r©#®^ 

[0058] MtB^y x^su2 2<Dwmmm2 

2 a t^tco#E{c*j-LT^RltlSg^J: ^)/^$v^A 
WflTAtttf:*(i, -<D^ffiSraiaLT**4R2 1<Z? 

T, mj|5^*«2 li:t©«ffi©a»©^yXA»2 2 

[0 0 5 9] r^BAltjtli, ffiffiXy XASJ2 2©ffi 
#4ffi22a, 2 2bt^iC0MT«U ^2 
1 ©BuffiOAffiM® 2 1 b^feHh^^-rsfflt^^/h 
£ < # 5 K: fa # £ £ x. T 2 1 (c A^t-T 5 

^O^OIS^A^i*^, BtllEAffiM®2 1 bkftlcik 
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[0 0 6 0] ~<D£o{Z^ HtTEA*tiBE2 1 a frbmit 
S2 lfcAitLfcJSWftrtU ^*«2 1 cofijEtDAttjIt 
B2 l b t^mt<^#S*5J:^3t«2 ioflfffi^3 
XASfB2 2 i^mtC0#ffi{C<t5^S*rt. iWEKItS 
2 3K£6Rlt£fcJ:0*)te«2 1 ©«S#lfclc*atfL 
fcriSib, ^(7)«3tS2 l<^AttJttffi2 1 b±»frbtiM 
t5 0 ^^)S*S2 10AtBltffi2 1 b^^aitt5§ 

myths iEs^tca^s^5SS^sv^a^<D 

[0 0 6 1] :©«f B S^Bl Bul5SSt*S2 0 

m^m+ 1 £ai& Lfcst&ii^ffifi^*^ i 

[0 0 6 2] ^LT, rO^ B B B^^a^> iiMEiRfi* 
ffil l i««iB**fii 2 £<0 5^«rflll<B#«i 1 ^ 

[00 6 3] ^*Sr5pJffli-5Rit**«>i:# 
tt, toi:#©*^>3SaaK*riaiO (a) (cHlft^Hl 
Tr^LfcJ: 5 Stj^^^Rtfe^^TF^l tcAt* 
U ffiflHB&Kl lSraaUTilj|HB**4:ftofc3fc 
BfjIEtetfe^i 3tcA#tb, r<D*£iR«i 3KJ:9tfc 

[0 0 6 4] ^<Ott*3t^*i. SulSte»«l 3C0WSfflU 

e*£»« 1 3 (Dwiffim^mM i^xm^m^m^- 1 ^stj® 

fp] fa » 5 3te * s 6 o 

[0 0 6 5] tft1Bt£Sf[ffil 3^i9*£*S^fc*©5 
*>s rofctfetSl 3(D«ffi«KmttL-C«r1B«*«*lll 

u r<o«»*/w2fcaaLT«nE««ifli**i 2^a 

[0 0 6 6] :o»«li*Si2i:AJtt6*fi, huIH 
«a«ffl*«i l«r»iiUTBDl(HB**i:*o-CA»Lfc 

»oii5, 6n*cP|iJn$ixs«#^j: *)mt1rz> 

fllfflti&K l 2 ORiRWUCJBo fc(B*j*^** w <£>&fiU 
OKfctRi 2ic£ iifFESHWffi#«i 2cDa§i§ 



[0067] -com£km^m*i(Digffim\cmftii,K.m 

fft#tt\ flUEEi*#» 2 0 ic <fc 9 MEttA****?- 1 k 
[0 0 6 8] rco^#t>, SuKK*fr#©2 OtwJ: 9 Rlt 

(®iftat) ^ mi5«ftiHB5t«i 2 t?sa-fe^2 tsra 
iS it fitteffififcS i 3 ± 9 feifc $ *u -e^feifc*^ 5 
*>> BtrEtfcltfcKl 3^Sfj®fiiJ^m#tL.^7fe^ % BufiiJ<l3t 

[0 0 6 9] fcfcU HulESfcflSctSi 3K<fc 9te»<*i-Lfc 

9 , *<oyt<D o -h. fftWMmmytffi. 1 1 o»iR«ifc»o 

[0 0 7 0] WESIt¥ll!2 0^±9Rlt*ixr 

1 2 i: 2 fcS:aiaUTlt««l 3fc±5Jt»* 
*Lfc3te<Z>5*>. SWElt»«l 3 0»B«Kiai*Lfc*l* 

2 0(a^git$^ «nE«»***^iKwt/7Jtu 

[0071] ^<ofc%tmmzis\,^x, fiyti-*. m*ftj? 
fafrbm*te*%iftxA&-fz>*K ftuiestt^S2 om 

S2 0tc±9Slt*ix, mjfe^a^^^ l SrWVSifi 

[0072] ^tc, z.commmxm^^tzm^^2^ 

tfSK *is #C03fe) (7)^^-^^/W^7R, 7G, 7 
^/V^^7R, 7G, 7 BtCj: 9 -t(0iaiR«*««O«* 

[0 0 7 3] — Bfr^feiR****-? 1 1 l-A« Lt 

i 3offiB«JcfflWLriRft***^ioffiE*rni*ci^ 
^5 3t«. M B e B ir/u2^J:t/mWJ(i7fe«l 2^ii^>-T 
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[0074] ±i£L*:j: ffi&mmmi 3K 
mm?tm 1 1 ©»im(Wi:fiofciH**»©*ttioiffl 

[0 0 7 5] r<Z)®ffi»SJS±(f3tfi, ttfl-fcA^ «:» 
fl!HI*Kl 1 ^SilLTjSfB^^T-l^Hfl^t-mWU 

0>3Etefc:H«*s < , as****?- i <n£.m> h m£&}%£ 
fcfMt-ctMti-*. 

[0 0 7 6] L*»fc, COBffilWUS-htf'fttiU ffiffiJR 

7R, 7G, 7 BtcJ;5®HxtrSft^Vii55fi^©^fe 
* (Sfe3t) T*fc5„ 

[0 0 7 7] r cd J: 51-, rw^B^^Bi-.tixli. 
W**^****^! l-A&fU 1 

*^^-i icAMLxmmtemfai 3iz£<9tt.mt5htztft 

ro5*>ro?RHl**^i«5Hliffi*(^lc[6]^53fe (Hffi® 

So 

[0078] La»t, rojug^j^jKn^^att, mi 

fc <fc 5 fltr*3»»e> i tiAWbTMfetei^ 

«i 3 ic£ v mmzntzftn o h<Di&ikm^m* i <om 
■ftic&Mi-zyt*. mmm^B± a- 2 <owm 5, 6p B itcPn 

tSitm, Lfc^ 0 r, Mffi^ttSr— *fc:915< 
[0 0 7 9] r<D^BB^^g(-<tHfi, milSffi 

b s b^^^t- 1 ©mr* k tuw-r 5 Lfcwflwt <t mmm 

KX'hZtzib. 3t*©«lN**l£< -fir a. 

[0 0 8 0] $Pj{C, :L(D&al^3£Et-«fc*U2> BUlE 
tfctfcKl 3JCi9tt*Sixfc3t3»si)(HIII«*«l 1KAW 
U ^(D%<D 0 *><0fltllEHiHWffl3tffi 1 1 ©iSiittKSo 
fcd3t^©Jt^r cDfi1HffllB3tS 1 1 LtBti*l; 

So 

[0 0 8 1] &(C, j^ft^JfflirSigii^lco^T 



^ix^v^^T-CffifB^^BSr^ffl-rSt #1-, BtflB 
RW¥S 2 0 2 4 <T>*M 2 5S:jft<T*-e:rtT<C 

:b2xSo 

[0 0 8 2] w<7)jii!^<Di:#fi, ^cot 

iissg^m 1 <d (b) {cjKjU^Pnr-^Lfcipfc, striE 

5tagSP2 4^tHWi--5^3t!4 s BijlS^3ttS2 l l:t©A 
^4ffiffi2 1 a a»e>Aa*UTw©*3t«2 1 WmJffi 2 1 b 

A^AW-rso 

[0 0 8 3] rrojKHl^^n-^rrowe^fjAWb 
fcfttt, &ffl<B3fe£i iS:aiflL-Citti»fli3te3fei:*o-C 
^ B B B-fe/i'2icAWb, ro^ B B B ir^2S:Si§i--5iie 

x\ *<D£wmfaWLv>ffl&s, emicmn&ti'Zm.mz 
j; o m\rtr%m&ft*<D&fa&.mzfc c-ttm&m 1 o © 

[0 0 8 4] -t LT, BtrtEJftft-fe/W 2 £i3i§ Lfc3t«, 
Hufat£»«l SKAWLTifclftStLs ffittKi 3fcJ:"J 

filft® l 1 lc X <? Sfrf2HU«{H5t^ 1 1 WigiS 

*llllc»ofc«3triJ4>ro3ti4 s w©«fffi!lfll3tlRl 1 SriSiftL 

Xs m&ittte^xwiikm^m* 1 cwsw^ttjM-r 
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(57) Abstract 

[Problem] To provide a liquid crystal display device adapted 
to perform reflection display using external light, in which 
the incident light from the front side is more emitted forward 
to obtain a bright screen. 

[Means for Resolution] In this liquid crystal display device, 
a liquid crystal display element 1 is so constructed that a 
liquid crystal cell 2 is interposed between a front sheet 
polarizer 11 and a back sheet polarizer 12, and a diffuser 13 
is disposed between the front sheet polarizer 11 and the liquid 
crystal cell 2. The liquid crystal display element 1 is 
provided with reflection means 20 disposed at the back thereof 
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to reflect the light, which has entered the liquid crystal 
display element 1 from the front thereof and transmitted the 
liquid crystal display element 1 toward the liquid crystal 
display element 1. 
Claims : 

1* A liquid crystal display device, comprising: 
a liquid crystal display element including a liquid crystal 
cell where an electrode for applying an electric field to the 
liquid crystal layer is provided on the inner surface of at 
least one of a pair of front and back substrates opposite to 
each other with the liquid crystal layer interposed between 
them, a front sheet polarizer and a back sheet polarizer which 
are disposed with the liquid crystal cell interposed between 
them, and a diffuser interposed between at least one of the 
front sheet polarizer and the back sheet polarizer and the 
liquid crystal cell; and 

reflecting means disposed at the back of the liquid 
crystal display element to reflect the light which has entered 
the liquid crystal display element from the front side and 
transmitted the liquid crystal display element toward the 
liquid crystal display element* 

2. The liquid crystal display device according to claim 
1, wherein the reflecting means disposed at the back of a liquid 
crystal display element has a function of taking the light 
transmitting the liquid crystal display element as incident 
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light and reflecting the light toward the liquid crystal 
display element and a function of emitting illuminating light 
toward the liquid crystal display element. 

3. The liquid crystal display element according to claim 
1 or 2, wherein the dif fuser is disposed between the front sheet 
polarizer and the liquid crystal cell. 
Detailed Description of th£ Invention : 
[0001] 

[Technical Field to which the Invention Belongs] 

This invention relates to a liquid crystal display device 
adapted to perform reflection display using external light. 
[0002] 
[Prior Art] 

Generally a TN (twisted nematic) or STN ( supertwis ted 
nematic) liquid crystal display element has been used in the 
liquid crystal display device. 
[0003] 

This type of liquid crystal display element heretofore 
has been formed of a liquid crystal cell where an electrode 
for applying an electric field to a liquid crystal layer is 
provided on the inner surfaces of a pair of front and back 
substrates opposite to each other with the liquid crystal layer 
interposed between them, and a front sheet polarizer and a back 
sheet polarizer which are disposed with the liquid crystal cell 
interposed between them. 
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[0004] 

The liquid crystal display devices, however, are 
classified roughly into the transmission type adapted to 
display with illuminating light from a light source, the 
reflection type adapted to display with external light which 
is the light of a working environment of the liquid crystal 
display device, and the two-way type adapted to perform 
reflection display using external light and transmission 
display using illuminating light. 
[0005] 

In the transmission type liquid crystal display device, 
generally a surface light source called backlight is disposed 
at the back of the liquid crystal display element, illuminating 
light emitted by the backlight is forced to enter the liquid 
crystal display element from the back thereof, and the light 
is emitted to the front of the liquid crystal display element 
to make a display. Since this type liquid crystal display 
device is adapted to make a display by always lighting the 
backlight, power consumption is great. 
[0006] 

On the other hand, in the reflection type liquid crystal 
display device, reflecting means is disposed at the back of 
a liquid crystal display element to reflect the light which 
has entered the liquid crystal display element from the front 
thereof and has transmitted the liquid crystal display element 
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toward the liquid crystal display element, the light which has 
entered the liquid crystal display element from the front 
thereof and transmitted the liquid crystal display element is 
reflected toward the back of the liquid crystal display element 
by the reflecting means, and the light is emitted toward the 
front of the liquid crystal display element to make a display, 
[0007] 

Since this reflection type liquid crystal display device 
is adapted to make a display using external light, which is 
the light in its working environment, the advantage is that 
the power consumption can be remarkably reduced as compared 
with the transmission type liquid crystal display device. 
[0008] 

The two-way type liquid crystal display device is 
provided with reflecting means disposed at the back of a liquid 
crystal display element and having a function of reflecting 
the light which has entered the liquid crystal display element 
from the front thereof and has transmitted the liquid crystal 
display element toward the liquid crystal display element and 
a function of emitting illuminating light toward the liquid 
crystal display element. In the environment where external 
light with enough brightness is obtained, reflection display 
using external light is performed, and when the device is used 
in the environment where external light with enough brightness 
is not obtained, illuminated light is emitted from the 
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reflecting means to perform transmission display using the 

illuminating light. 

[0009] 

This two-way type liquid crystal display device can be 
used even in the environment where external light with enough 
brightness is not obtained, and it will be sufficient to emit 
illuminating light from the reflecting means only when the 
device is used in the environment where external light with 
enough brightness is not obtained, so the power consumption 
is much smaller as compared with the transmission type liquid 
crystal display device. 
[0010] 

[Problems that the Invention is to Solve] 

In the conventional liquid crystal display device for 
performing reflection display (the reflection type liquid 
crystal display device or the two-way type liquid crystal 
display device), however, the intensity of outgoing light is 
much lower than that of the external light entering from the 
front, so a bright screen can't be obtained. 
[0011] 

That is, the liquid crystal display element used in the 
conventional liquid crystal display device is, as described 
above, formed of the liquid crystal cell where the electrode 
for applying an electric field to a liquid crystal layer is 
provided on the inner surfaced of the paired front and back 
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substrates opposite to each other with the liquid crystal layer 
interposed between them, and the front sheet polarizer and the 
back sheet polarizer which are disposed with the liquid crystal 
cell interposed between them, 
[0012] 

In this liquid crystal display element, from one side, 
the linearly polarized light transmitting the sheet polarizer 
on that side enters the liquid crystal cell, changes in its 
polarized state by double refraction of a liquid crystal layer 
depending on the orientation state of liquid crystal molecules 
varying with the electric field applied between the electrodes, 
and transmits the liquid crystal cell. The polarized 
component light of the above light along the absorption axis 
of the sheet polarizer on the other side of the liquid crystal 
cell is absorbed with the sheet polarizer, and the polarized 
component light along the transmission axis of the sheet 
polarizer on the other side is transmitted to emit. 
[0013] 

Thus, in the liquid crystal display element, the outgoing 
light is only the polarized component light along the 
transmission axis of the sheet polarizer on the other side out 
of the light which has transmitted the sheet polarizer on one 
side to enter and transmitted the liquid crystal cell, so the 
polarized component light along the absorption axis of the 
sheet polarizer on the above one side is not used at all, 
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resulting in that the transmittance of light is low. 
[0014] 

In the case of the above transmission type display device, 
low transmittance of the liquid crystal display element is 
complemented by heightening the luminance of illuminating 
light emitted from the backlight to obtain a bright screen, 
and on the other hand, in the case of the reflection type display 
device, the incident light is the external light having the 
intensity according to the brightness of the working 
environment, and the light transmits the liquid crystal display 
element to be reflected by the reflecting means, and again 
transmits the liquid crystal display element to be emitted 
forward. Accordingly, the outgoing light is the light largely 
reduced in intensity to the external light entering from the 
front, so that a bright screen can't be obtained. 
[0015] 

The same may be said with the two-way type display device . 
Although a bright screen can be obtained by heightening the 
luminance of illuminating light emitted from the reflecting 
means in the transmission display, a bright screen can't be 
obtained in the reflection display. 
[0016] 

It is an object of the invention to provide a liquid 
crystal display device adapted to perform reflection display 
using external light, which may emit forward much more incident 
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light entering from the front to thereby obtain a bright screen. 
[0017] 

[Means for Solving the Problems] 

This invention provides a liquid crystal display device 
includes a liquid crystal display element having a liquid 
crystal cell where an electrode for applying an electric field 
to the liquid crystal layer is provided on the inner surface 
of at least one of a pair of front and rear substrates opposite 
to each other with the liquid crystal layer interposed between 
them, a front sheet polarizer and a back sheet polarizer which 
are disposed with the liquid crystal cell interposed between 
them, and a diffuser interposed between at least one of the 
front sheet polarizer and the back sheet polarizer and the 
liquid crystal cell, and reflecting means disposed at the back 
of the liquid crystal display element to reflect the light which 
has entered the liquid crystal display element from the front 
side and transmitted the liquid crystal display element toward 
the liquid crystal display element. 
[0018] 

According to the liquid crystal display device, the 
liquid crystal display element is so constructed that the 
diffuser is disposed between at least one of the front sheet 
polarizer and the back sheet polarizer disposed with the liquid 
crystal cell interposed between them and the liquid crystal 
cell, whereby in the reflection display using external light, 
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the light which has entered the liquid crystal display element 
from the front and transmitted the front sheet polarizer enters 
the diffuser to be diffused before entering the back sheet 
polarizer of the liquid crystal display element. 
[0019] 

Out of the light diffused by the diffuser, the light 
directed to the back of the liquid crystal display element 
enters the back sheet polarizer. The light entering the back 
sheet polarizer is as follows. The light, which has 
transmitted the front sheet polarizer, becomes linearly 
polarized light to enter, and the diffused light of the incident 
light changes in its polarized state due to double refraction 
of a liquid crystal layer in the process of transmitting the 
liquid crystal cell. The polarized component light along the 
absorption axis of the back sheet polarizer of the above light 
is absorbed by the back sheet polarizer, and the polarized 
component light along the transmission axis of the back sheet 
polarizer thereof transmits the back sheet polarizer to be 
emitted as image light to the back side of the liquid crystal 
display element. 
[0020] 

The image light emitted to the backside of the liquid 
crystal display element is reflected toward the liquid crystal 
display element by the reflecting means, and the reflected 
light again transmits the liquid crystal display element to 
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emit forward, 
[0021] 

On the other hand, the light directed toward the front 
of the liquid crystal display element out of the light entering 
the liquid crystal display element from the front and diffused 
by the dif fuser does not pass through the back sheet polarizer, 
but again transmits the front sheet polarizer to emit to the 
front of the liquid crystal display element. 
[0022] 

In the liquid crystal display device of the invention, 
as described above, not only the reflected light of light which 
has entered the liquid crystal display element from the front 
and transmitted the liquid crystal display element to become 
image light emits toward the front of the liquid crystal display 
element, but also the light directed to the front of the liquid 
crystal display element out of the light which has entered the 
liquid crystal display element from the front and has been 
diffused by the diffuser emits forward, whereby much more 
incident light from the front can be emitted forward to obtain 
a bright screen . 
[0023] 

[Mode for Carrying Out the Invention] 

According to the invention, in the liquid crystal display 
device, as described above, the liquid crystal display element 
is so constructed that the diffuser is disposed between at least 
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one of the front sheet polarizer and the back sheet polarizer 
disposed with the liquid crystal cell interposed between them 
and the liquid crystal cell, and the reflecting means for 
reflecting the light which has entered the liquid crystal 
display element from the front and transmitted the liquid 
crystal display element toward the liquid crystal display 
element is disposed at the back of the liquid crystal display 
element, whereby much more incident light from the front is 
emitted forward to obtain a bright screen. 
[0024] 

In the liquid crystal display device of the invention, 
preferably the reflecting means has a reflecting function of 
taking the light transmitting the liquid crystal display 
element as incident light and reflecting the light toward the 
liquid crystal display element and a function of emitting the 
illuminating light toward the liquid crystal display element, 
and this type of reflecting means is adopted, whereby in the 
environment where external light with enough brightness is 
obtained, reflection display using external light is performed, 
and when the device is used in the environment where external 
light with enough brightness is not obtained, illuminating 
light is emitted from the reflecting means to perform 
transmission display using the illuminating light. 
[0025] 

The liquid crystal display element is preferably so 
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constructed that the diffuser is disposed between the front 
sheet polarlizer and the liquid crystal cell, and when the 
liquid crystal display element is thus constructed, the light 
emitting to the front of the liquid crystal display element 
out of the light which has entered the liquid crystal display 
element from the front and has been diffused by the diffuser 
can be emitted with substantially equal intensity from the 
whole area of the liquid crystal display element regardless 
of a change in the orientation state of liquid crystal molecules 
depending on the electric field applied between the electrodes 
of the liquid crystal cell, so that the whole of the screen 
can be uniformly made bright and clear image light without blur 
due to diffusion can be emitted forward to display an image 
of good image quality. 
[0026] 

[Embodiment 1] 

Figs . 1A and IB are side views of a liquid crystal display 
device showing a first embodiment of the invention. The liquid 
crystal display device includes a liquid crystal display 
element 1 and reflecting means 20 disposed at the back of the 
liquid crystal display element 1. 
[0027] 

The liquid crystal display device of the embodiment is 
of a two-way type in which both reflection display using 
external light and transmission display using illuminating 
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light are performed, Fig.l A shows the transmission path of 
light in the reflection display using external light, and Fig. 
IB shows the transmission path of light in the transmission 
display using illuminating light. 
[0028] 

The liquid crystal display element 1 is a TN (twisted 
nematic) type or STN ( supertwisted nematic) type, which is 
formed of a liquid crystal cell 2, a front sheet polarizer 11 
and a back sheet polarizer 12, which are disposed with the 
liquid crystal cell 2 interposed between them, and a dif fuser 
13 disposed between the front sheet polarizer 11 and the liquid 
crystal cell 2. 
[0029] 

Fig. 2 is an enlarged sectional view of a part of the 
liquid crystal display element 1, in which the liquid crystal 
cell 2 is so constructed that the inner surfaces of a pair of 
front and back transparent substrates 3, 4 opposite to each 
other with a liquid crystal layer 10 interposed between them 
are respect ively provided with transparent electrodes 5, 6 for 
applying an electric field to the liquid crystal layer 10. 
[0030] 

The liquid crystal cell 2 used in the embodiment is of 
an active matrix type, in which the electrode 6 mounted on the 
inner surface of the back substrate 4 is a plurality of pixel 
electrodes arrayed in a matrix in the row direction and in the 
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column direction, and the electrode 5 mounted on the inner 
surface of the front substrate 3 is one film-like counter 
electrode opposite to the plurality of pixel electrodes 6. 
[0031] 

While being omitted in the drawings, the inner surface 
of the back substrate 4 is provided with a plurality of TFT 
(thin film transistor) respectively connected to the plurality 
of pixel electrodes 6, a plurality of gate wires for 
respectively supplying a gate signal to the TFT of each row, 
and a plurality of data wires for supplying a data signal to 
the TFT of each column. 
[0032] 

Further, the inner surface of the front substrate 3 of 
the liquid crystal cell 2 is provided with color filters 7R, 
7G, 7B of two or more colors such as three colors, red, green 
and blue, corresponding to a plurality of pixel areas where 
the plurality of pixel electrodes 6 and the counter electrode 
5 are opposite to each other. The color filters 7R, 7G and 
7B are formed on the substrate 3, and the counter electrode 
5 is formed thereon. 
[0033] 

The inner surfaces of the paired substrates 3, 4 are 
provided with orientation films 8, 9 covering the electrodes 
5, 6, and the orientation films 8, 9 are orientated by rubbing 
the film surface in a designated direction. 
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[0034] 

The paired substrates 3, 4 are joined at the peripheral 
edges thereof to each other through a frame-like sealant not 
shown, and nematic liquid crystal is enclosed in an area 
surrounded with the sealant between the substrates 3, 4 to form 
a liquid crystal layer 10. 
[0035] 

The liquid crystal molecules of the liquid crystal layer 
10 are regulated on the orientation direction near the 
respective substrates 3, 4 by the orientation films 8, 9 to 
be twisted at a designated twist angle between the paired 
substrates 3, 4. 
[0036] 

The front sheet polarizer 11 and the back sheet polarizer 
12 disposed with the liquid crystal cell 2 interposed between 
them are respectively provided with the optical axis thereof 
(transmission axis or absorption axis) pointing in a designated 
direction . 
[0037] 

The diffuser 13 disposed between the front sheet 
polarizer 11 and the liquid crystal cell 2 is, for example, 
a filler mix-in diffuser, or a diffuser formed by a micro- 
lens sheet. 
[0038] 

On the other hand, reflecting means 20 disposed at the 
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back of the liquid crystal display element 1 has a reflecting 
function of reflecting the light which has entered the liquid 
crystal display element 1 from the front and transmitted the 
liquid crystal display element 1 toward the liquid crystal 
display element 1 and a function of emitting illuminating light 
toward the liquid crystal display element 1. 
[0039] 

The reflecting means 20 used in the embodiment is a side 
light system, and as shown in Fig. 1, it is formed of a light 
guide plate 21 disposed with the front thereof opposite to the 
back of the liquid crystal display element 1, a reflector 23 
disposed at the backside of the light guide plate 21, and a light 
source part 24 disposed on the side of the light guide plate 
21. 

[0040] 

The light guide plate 21 is formed by a transparent plate 
such as an acrylic resin plate, one end face thereof is an 
incident end face 21a for taking illuminating light emitted 
by the light source part 24, and the whole of the front face 
21b is taken as a flat incident/outgoing plane 21b. 
[0041] 

A plurality of oblong prism parts 22 along the direction 
parallel to the incident end face 21a are formed at a designated 
pitch densely aligned and parallel to each other extending over 
the whole of the back of the light guide plate 21. 
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[0042] 

The plurality of prism parts 22 are integrally formed 
on the light guide plate 21, and the pitch thereof is set 
substantially equal to or smaller than the array pitch of pixel 
areas of the liquid crystal display element. 
[0043] 

Fig. 3 is an enlarged sectional view of the light guide 
plate 21 and the reflector 23 disposed at the back thereof with 
partial hatching omitted. The plurality of prism parts 22 
formed on the back of the light guide plate 21 respectively 
have a scalene triangular section such that between inclined 
surfaces 22a, 22b on both sides, the inclination angle a (the 
angle of inclination to a normal h of the incident/outgoing 
plane 21b of the front of the light guide plate 21) of one 
inclined surface 22a facing in the direction of the incident 
end face 21a is smaller than the inclination angle p of the 
other inclined surface 22a. 
[0044] 

The inclination angle a of one inclined surface (inclined 
surface facing in the direction of the incident end face 21a) 
22a and the inclination angle P of the other inclined surface 
22a are respectively in the range of 0° < a < 60°, 0° < P < 
40°, and the angle y made between one inclined surface 22a of 
one 22 of the adjacent prism parts and the other inclined 
surface 22a of the other prism part 22 is in the range of 30° 
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< y < 70°. 
[0045] 

The reflector 23 disposed on the backside of the light 
guide plate 21 is a mirror reflection plate formed by a metal 
plate of silver, aluminum or the like, and the reflector 23 
is disposed with the front (reflecting surface) close to or 
abutting on the apexes of the plurality of prism parts 22 on 
the back of the light guide plate 21 parallel to the 
incident/outgoing surface 21b of the front of the light guide 
plate 21. 
[0046] 

Further, the light source part 24, as shown in Fig. 1, 
includes a light source 25 formed by a straight pipe-like 
fluorescent lamp or EL (electroluminescence) array and a 
reflector 26 for reflecting the illuminating light emitted by 
the light source 25 toward the incident end face 21a of the 
light guide plate 21, and the light source part 24 is disposed 
on the side of the light guide plate 21 opposite to the incident 
end face 21a thereof. 
[0047] 

The reflecting means 20 reflects the light entering from 
the front of the light guide plate 21 by the reflector 23 to 
emit to the front of the light guide plate 21, and when the 
light source 25 of the light source part 24 is lighted, the 
illuminating light emitted by the light source part 24 is taken 
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in the light guide plate 21 from the incident end face 21a, 
and the illuminating light is emitted forward from the whole 
of the incident/outgoing plane 21b of the light guide plate 
21. 

[0048] 

The reflection of light entering from the front by the 
reflecting means 20 will now be described. The light entering 
from the front of the light guide plate 21, as indicated by 
solid arrows in Fig. 3, enters the light guide plate 21 from 
the incident/outgoing plane 21b of the front thereof, and 
transmits the light guide plate 21 in the direction of thickness 
to be emitted from the plurality of prism parts 22 of the back 
to the backside of the light guide plate 21. 
[0049] 

The light emitted to the backside of the light guide plate 
21 is reflected by the reflector 23 to enter the light guide 
plate 21 from the plurality of prism parts 22 of the back thereof, 
and again transmits the light guide plate 21 in the direction 
of thickness to be emitted forward from the incident/outgoing 
plane 21b of the front. 
[0050] 

The light entering from the front of the light guide plate 
21 is the light entering the liquid crystal display element 
1 from the front and transmitting the liquid crystal display 
element 1 to be emitted to the backside, and the external light 
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entering the liquid crystal display element 1 from the front 
enters in various directions at various angles of incidence, 
so the light transmitting the liquid crystal display element 
1 to be emitted to the backside enters the light guide plate 
21 in various directions at various angles of incidence. 
[0051] 

When the light which has entered the light guide plate 
21 from the incident/outgoing plane 21b of the front transmits 
the light guide plate 21 in the direction of thickness to be 
emitted from the plurality of prism parts 22 of the back to 
the backside, the light is refracted by the interface of the 
inclined surfaces 22a, 22b of the prism parts 22 and outside 
air (an air layer between the light guide plate 21 and the 
reflector 23) . Further when the light is reflected by the 
reflector 23 to enter the light guide plate 21 from the back, 
the light is refracted by the interface of the inclined surfaces 
22a, 22b of the prism parts 22 and the outside air to be turned 
so that the angle of inclination to the normal h of the light 
guide plate front 21b becomes smaller, and emitted forward from 
the incident/outgoing plane 21b. 
[0052] 

Accordingly, the light transmitting the liquid crystal 
display element 1 to enter the reflecting means 20 and reflected 
by the reflecting means 20 is the light having the distribution 
of intensity where the intensity of light emitted toward the 
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front (the direction in the vicinity of normal h of the front 

21b of the light guide plate 21) is high. 

[0053] 

The emission of illuminating light in the reflecting 
means 20 when the light source part 24 is lighted will now be 
described. The illuminating light from the light source part 
24 enters the light guide plate 21 from the incident end face 
21a, and is guided in the longitudinal direction of the light 
guide plate 21 as indicated by broken line arrows in Fig. 3 
to be emitted forward from the front 21b of the light guide 
plate 21. 
[0054] 

That is, the illuminating light from the light source 
part 24 enters the light guide plate 21 from the incident end 
face 21a at various angles of incidence. 
[0055] 

Out of the light entering from the incident end face 21a, 
the light obliquely traveling toward the front in the light 
guide plate 21 enters the interface of the incident/outgoing 
plane 21b of the front of the light guide plate 21 and the outside 
air (an air layer between the light guide plate 21 and the liquid 
crystal display element 1) , and the light entering the 
interface at a smaller incident angle (nearly vertical) than 
the critical angle of total reflection transmits the interface 
to be emitted forward. 
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[0056] 

The light entering the interface of the 
incident/outgoing plane 21b of the light guide plate 21 and 
the outside air at a larger angle of incidence than the critical 
angle of total reflection is total reflected by the interface, 
and further guided in the longitudinal direction in the light 
guide plate 21 . 
[0057] 

On the other hand, the light obliquely traveling through 
the light guide plate 21 toward the backside enters the 
interface of the inclined surface 22a on the opposite side to 
the inclined surface 22a facing in the direction of the incident 
end face 21a and the outside air (an air layer between the light 
guide plate 21 and the reflector 23) between the inclined 
surfaces 22a, 22b on both sides of the plurality of prism parts 
22 of the back of the light guide plate 21, and the light entering 
the interface at a larger angle of incidence than the critical 
angle of total reflection is total reflected toward the front 
of the light guide plate 21, and turned so that the angle of 
inclination to the normal h of the incident/outgoing plane 21b 
of the front becomes smaller. The light entering the interface 
of the incident/outgoing plane 21b of the light guide plate 
21 and the outside air at a smaller angle of incidence than 
the critical angle of total reflection transmits the interface 
to be emitted forward. 
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[0058] 

The light entering the interface of the inclined surface 
22a of the prism part 22 and the outside air at a smaller angle 
of incidence than the critical angle of total reflection 
transmits the interface to be emitted toward the back of the 
light guide plate 21, and is reflected by the reflector 23 to 
again enter the light guide plate 21 from the plurality of prism 
parts 22 of the back. 
[0059] 

The re-incident light is refracted by the interface of 
the inclined surfaces 22a, 22b of the prism parts 22 and the 
outside air and turned so that the angle of inclination to the 
normal h of the incident/outgoing plane 21b of the front of 
the light guide plate 21 becomes smaller to enter the light 
guide plate 21, so most of the light enters the interface of 
the incident/outgoing plane 21b and the outside air at a smaller 
angle of incidence than the critical angle of total reflection, 
and transmits the interface to be emitted forward. 
[0060] 

The illuminating light entering the light guide plate 
21 from the incident end face 21a is guided in the longitudinal 
direction of the light guide plate 21 by total reflection caused 
by the interface of the incident/outgoing plane 21b of the front 
of the light guide plat e21 and the outside air and the interface 
of the prism parts 22 of the back of the light guide plate 21 
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and the outside air and the reflection caused by the reflector 
23, and simultaneously emitted from the whole of the 
incident/outgoing plane 21b of the light guide plate 21. The 
illuminating light emitted from the incident and outgoing plane 
21b of the light guide plate 21 is also the light having the 
distribution of intensity such that the intensity of light 
emitted toward the front is high. 
[0061] 

In the liquid crystal display device, the reflecting 
means 20 has a function of reflecting the light which has 
entered the liquid crystal display element 1 from the front 
and transmitted the liquid crystal display element 1 toward 
the liquid crystal display element 1 and a function of emitting 
the illuminating light toward the liquid crystal display 
element 1, whereby reflection display using external light is 
performed in the environment where external light with enough 
brightness is obtained, and when the device is used in the 
environment where external light with enough brightness is not 
obtained, illuminating light can be emitted from the reflecting 
means 20 to perform transmission display using the illuminating 
light. 
[0062] 

In the liquid crystal display device, the liquid crystal 
display element 1 is so constructed that the diffuser 13 is 
disposed between the liquid crystal cell 2 and the front sheet 
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polarizer 11 of the front sheet polarizer 11 and the back sheet 
polarizer 12 which are disposed with the liquid crystal cell 
2 interposed between them, whereby in the reflection display 
using external light, much more incident light from the front 
can be emitted forward to obtain a bright screen. 
[0063] 

That is, in the reflection display using external light, 
as the light transmission path at the time is indicated by solid 
line arrows in Fig. 1A, the light which has entered the liquid 
crystal display element 1 from the front and transmitted the 
front sheet polarizer 11 to become linearly polarized light 
enters the diffuser 13 to be diffused by the diffuser 13. 
[0064] 

The diffused light is composed of the light emitted to 
the backside of the diffuser 13 directed toward the back of 
the liquid crystal display element 1 and the light emitted to 
the front of the diffuser 13 and directed to the front of the 
liquid crystal display element 1. 
[0065] 

Out of the light diffused by the diffuser 13, the light 
emitted to the back of the diffuser 13 and directed to the back 
of the liquid crystal display element 1 enters the liquid 
crystal cell 2 and transmits the liquid crystal cell 2 to enter 
the back sheet polarizer 12. 
[0066] 
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The light entering the back sheet polarizer 12 is the 
light changed in its polarized state by the double refraction 
of the liquid crystal layer 10 depending on the orientation 
state of liquid crystal molecules varied by the electric field 
applied between the electrodes 5, 6 of each pixel area in the 
process in which the diffused light of light which has 
transmitted the front sheet polarizer 11 to become linearly 
polarized light and transmits the liquid crystal cell 2. Out 
of the light, the polarized component light along the 
absorption axis of the back sheet polarizer 12 is absorbed by 
the back sheet polarizer 12, and the polarized component light 
along the transmission axis of the back sheet polarizer 12 
transmits the back sheet polarizer 12 to be emitted as image 
light to the backside of the liquid crystal display element 
1 . 

[0067] 

The image light emitted to the backside of the liquid 
crystal display element 1 is reflected toward the liquid 
crystal display element 1 by the reflecting means 20, and the 
light again transmits the liquid crystal display element 1 to 
be emitted forward. 
[0068] 

Also at the time, the light (image light) reflected by 
the reflecting means 20 to enter the liquid crystal display 
element 1 from the back transmits the back sheet polarizer 12 
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and the liquid crystal cell 2 to be diffused by the diffuser 
13, and the light of the diffused light that is emitted to the 
front of the diffuser 13 transmits the front sheet polarizer 
11 to be emitted forward . 
[0069] 

The light diffused by the diffuser 13 is, however, the 
light causing turbulence in its polarized state due to 
diffusion, the polarized component light along the absorption 
axis of the front sheet polarizer 11 of the light is absorbed 
by the front sheet polarizer 11, and the polarized component 
light along the transmission axis of the front sheet polarizer 
11 transmits the front sheet polarizer 11 to be emitted to the 
front of the liquid crystal display element 1. 
[0070] 

Out of the light which is reflected by the reflecting 
means 20 to enter the liquid crystal display element 1 from 
the back and transmit the back sheet polarizer 12 and the liquid 
crystal cell 2, and diffused by the diffuser 13, the diffused 
light emitted to the backside of the diffuser 13 is emitted 
to the backside of the liquid crystal display element 1 and 
reflected by the reflecting means 20 to again enter the liquid 
crystal display element 1, and emitted forward through the 
above path. 
[0071] 

In the reflection display, external light enters in 
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various directions at various angles of incidence, and the 
light reflected by the reflecting means 20 is, as described 
above, the light having the distribution of intensity such that 
the intensity of light emitted toward the front is high. 
Accordingly, the image light, which is reflected by the 
reflecting means 20 to again transmit the liquid crystal 
display element 1 and emitted forward, is the light having the 
distribution of intensity such that the intensity of light 
emitted toward the front, that is, in the ordinary observation 
direction of a display (near the normal of the front of the 
liquid crystal display element 1) is high. 
[0072] 

The liquid crystal cell 2 used in the embodiment is 
provided with color filters 7R, 7G, 7B of two or more colors 
(e.g. three colors, red, green and blue) respectively 
corresponding to the two or more pixel areas, and the light 
with a wavelength of the absorption wavelength band is absorbed 
from the light transmitting each pixel area of the liquid 
crystal cell 2 by the color filters 7R, 7G, 7B corresponding 
to the respective pixel areas to become colored light, so the 
image light emitted to the front of the liquid crystal display 
element 1 is multi-color image light such as full-color image 
light. 
[0073] 

On the other hand, out of the light entering the liquid 
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crystal display element 1 from the front and diffused by the 
diffuser 13, the light which is emitted toward the front of 
the diffuser 13 and directed toward the front of the liquid 
crystal display element 1 does not pass through the liquid 
crystal cell 2 and the back sheet polarizer 12, but again 
transmits the front sheet polarizer 11 to be emitted toward 
the front of the liquid crystal display element 1, so that the 
luminance of the screen is raised by the emitted light. 
Hereinafter, this light is called screen luminance raise light . 
[0074] 

Since the light diffused by the diffuser 13 is, as 
described above, the light causing turbulence in its polarized 
state due to diffusion, out of the light emitted to the front 
of the diffuser 13 and directed toward the front of the liquid 
crystal display element 1, the polarized component light along 
the absorption axis of the front sheet polarizer 11 is absorbed 
by the front sheet polarizer 11, and the polarized component 
light along the transmission axis of the front sheet polarizer 
11 transmits the front sheet polarizer 11 to be emitted to the 
front of the liquid crystal display element 1. 
[0075] 

Since the screen luminance raise light is the light which 
does not pass through the liquid crystal cell 2, that is, the 
light which transmits the front sheet polarizer 11 without 
being subjected to the double refraction of the liquid crystal 
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layer 10 to be emitted toward the front of the liquid crystal 
display element 1, the light is emitted with substantially 
uniform intensity from the whole area of the liquid crystal 
display element 1 regardless of a change in the orientation 
state of liquid crystal molecules depending upon the electric 
field applied between the electrodes 5, 6 of the respective 
pixel areas of the liquid crystal cell 2. 
[0076] 

Besides, since the screen luminance raise light is the 
light, which does not pass through the liquid crystal cell 2, 
it is high-intensity non-colored light (white light) not 
subjected to absorption by the color filters 7R, 7G, IB. 
[0077] 

According to the liquid crystal display device, as 
described above, not only the reflected light of light entering 
the liquid crystal display element 1 from the front and 
transmitting the liquid crystal display element 1 to become 
image light is emitted to the front of the liquid crystal 
display element 1, but also out of the light entering the liquid 
crystal display element 1 from the front and diffused by the 
diffuser 13, the light directed toward the front of the liquid 
crystal display element 1 (screen luminance raise light) is 
emitted forward, so that the incident light from the front can 
be much more emitted forward so as to obtain a bright screen. 
[0078] 
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Further, since the liquid crystal display element 1 is 
so constructed that the diffuser 13 is disposed between the 
front sheet polarizer 11 and the liquid crystal 2 in the liquid 
crystal display device of this embodiment, as described above, 
out of the light entering the liquid crystal display element 
1 from the front and diffused by the diffuser 13, the light 
emitted to the front of the liquid crystal display element 1 
can be emitted with substantially uniform intensity from the 
whole area of the liquid crystal display element 1 regardless 
of a change in its orientation state of the liquid crystal 
molecules depending on the electric field applied between the 
electrodes 5, 6 of the liquid crystal cell 2, so that the whole 
of the screen can be uniformly made bright. 
[0079] 

According to this liquid crystal display device, the 
above image light emitted to the front of the liquid crystal 
display element 1 and the screen luminance raise light are 
respectively the light diffused by the diffuser 13, so the angle 
of visibility of a display can be widened. 
[0080] 

Furthermore, according to this liquid crystal display 
device, the light diffused by the diffuser 13 enters the front 
sheet polarizer 11, and out of the light, the polarized 
component light along the transmission axis of the front sheet 
polarizer 11 transmits the front sheet polarizer 11 to be 



33 



emitted forward, so that clear image light without blur due 
to diffusion can be emitted forward to display an image of good 
image quality. 
[0081] 

The transmission display using illuminating light will 
now be described. In the transmission display, when the liquid 
crystal display device is used in the environment where 
external light having enough brightness can't be obtained, the 
light source 25 of the light source part 24 of the reflecting 
means 20 is lighted to perform display. 
[0082] 

In this transmission display, as the transmission path 
of light at the time is indicated by broken line arrows in Fig. 
IB, the illuminating light emitted by the light source part 
24 enters the light guide plate 21 from the incident end face 
21a to be emitted forward from the whole of the front 21b of 
the light guide plate 21, and enters the liquid crystal display 
element 1 from the back. 
[0083] 

The light entering the liquid crystal display element 
1 from the back transmits the back sheet polarizer 11 to become 
linearly polarized light and enters the liquid crystal cell 
2, and the light is changed in its polarized state by double 
refraction of the liquid crystal layer 10 depending on the 
orientation state of liquid crystal molecules varied by the 
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electric field applied between the electrodes 5, 6 of the 
respective pixel areas in the course of transmitting the liquid 
crystal cell 2. 
[0084] 

The light transmitting the liquid crystal cell 2 enters 
the diffuser 13 to be diffused, and out of the light diffused 
by the diffuser 13, the light emitted to the front of the 
diffuser 13 enters the front sheet polarizer 11, and out of 
the light, the polarized component light along the absorption 
axis of the front sheet polarizer 11 is absorbed by the front 
sheet polarizer 11, and the polarized component light along 
the transmission axis of the front sheet polarizer 11 transmits 
the front sheet polarizer 11 to be emitted as image light to 
the backside of the liquid crystal display element 1. 
[0085] 

Since the liquid crystal cell 2 used in the embodiment 
is provided with color filters 7R, 7G, 7B of two or more colors 
(e.g. three colors, red, green and blue) respectively 
corresponding to two or more pixel areas thereof, image light 
emitted to the front of the liquid crystal display element 1 
is multi-color image light such as full-color image light. 
[0086] 

Also in the transmission display, the image light emitted 
to the front of the liquid crystal display element 1 is the 
light diffused by the diffuser 13, so that the angle of 
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visibility of a display can be widened. Furthermore, since 
the light diffused by the diffuser 13 enters the front sheet 
polarizer 11, and out of the light, the polarized component 
light along the transmission axis of the front sheet polarizer 
11 transmits the front sheet polarizer 11 to be emitted forward, 
clear image light without blur due to diffusion can be emitted 
forward to display an image of good image quality. 
[0087] 

Although according to the above embodiment, the liquid 
crystal display element 1 is so constructed that the diffuser 
13 is disposed between the front sheet polarizer 11 disposed 
in front of the liquid crystal cell 2 and the liquid crystal 
cell 2, the diffuser 13 may be disposed between the back sheet 
polarizer 12 disposed at the back of the liquid crystal cell 
2 and the liquid crystal cell 2, and further it may be disposed 
both between the front sheet polarizer 11 and the liquid crystal 
cell 2 and between the back sheet polarizer 12 and the liquid 
crystal cell 2. 
[0088] 

In the case of disposing the diffuser 13 between the back 
sheet polarizer 12 and the liquid crystal cell 2, however, the 
light entering the liquid crystal display element 1 from the 
front transmits the liquid crystal cell 2 and then enters the 
diffuser 13, so that out of the light diffused by the diffuser 
13, the outgoing rate of screen luminance raise light emitted 
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to the front of the liquid crystal display element 1 varies 
with the electric field applied between the electrodes 5, 6 
of the liquid crystal cell 1. 
[0089] 

Accordingly, the screen luminance raise light is emitted 
with substantially uniform intensity from the whole area of 
the liquid crystal display element 1, and in order to make the 
whole screen uniformly bright, it is preferable to dispose the 
diffuser 13 between the front sheet polarizer 11 and the liquid 
crystal cell 2 as in the embodiment. 
[0090] 

Although the liquid crystal cell 2 used in the above 
embodiment is provided with the color filters 7R, 7G, 7B, the 
color filters 7R, 7G, 7B may be omitted, and the liquid crystal 
cell is not limited to the active matrix type, but simple matrix 
type or segment type may be adopted. 
[0091] 

Although the liquid crystal display element 1 of the 
above embodiment is of TN type or STN type, the liquid crystal 
display element may use ferroelectric or antif erroelectric 
liquid crystal if it is formed of the liquid crystal cell, the 
front sheet polarizer and the back sheet polarizer which are 
disposed with the liquid crystal cell interposed between them, 
and the diffuser disposed between at least one of the front 
sheet polarizer and the back sheet polarizer and the liquid 



crystal cell, and further a driving system using transverse 
electric field may be adopted, in which an electrode for 
applying an electric field to the liquid crystal layer is 
provided on the inner surface of one substrate of a pair of 
substrates of the liquid crystal cell. 
[0092] 

Although the reflecting means 20 used in the above 
embodiment is so constructed that a plurality of prism parts 
22 are formed on the back of the light guide plate 21, and the 
reflector 23 is disposed on the backside of the light guide 
plate 21, the reflecting means disposed at the back of the 
liquid crystal display element 1 may have any other 
configuration . 
[0093] 

Figs. 4 and 5 are sectional views of reflecting means 
with hatching partially omitted showing a second and third 
embodiments of the invention. 
[0094] 

Reflecting means 30 shown in Fig. 4 is so constructed 
that a light guide plate 31 is formed of one end face taken 
as an incident end face (not shown) taking illuminating light 
emitted by a light source part, the front, the whole of which 
is taken as a flat incident/outgoing plane, and the back formed 
as an inclined surface whose distance to the incident/outgoing 
plane (front) is gradually decreased from the incident end face 
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to the end face on the opposite side, and a reflecting film 
32 formed of a deposited film or plated film of silver, aluminum 
or the like is provided on the whole back of the light guide 
plate 31. In the reflecting means, the light entering from 
the front is, as indicated by solid line arrows in the drawing, 
reflected forward by the reflecting film 32, illuminating light 
from a light source part not shown is taken in the light guide 
plate 31 from the incident end face, and the illuminating light 
is, as indicated by broken line arrows, emitted forward from 
the whole front of the light guide plate 31. 
[0095] 

On the other hand, reflecting means 40 shown in Fig. 5 
is so constructed that a light guide plate 41 is formed of one 
end face taken as an incident end face (not shown) taking 
illuminating light emitted by a light source part, the front, 
the whole of which is taken as a flat incident/outgoing plane 
and the back formed as a stepped surface 42 whose distance to 
the incident/outgoing plane (front) is gradually decreased 
from the incident end face to the end face on the opposite side, 
and a reflecting film 43 formed of a deposited film or plated 
film of silver, aluminum or the like is provided on the whole 
back of the light guide plate 41, and in the reflecting means, 
light entering from the front is, as indicated by solid line 
arrows in the drawing, reflected forward by the reflecting film 
43, illuminating light from a light source part not shown is 
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taken in the light guide plate 41 from the incident end face, 
and the illuminating light is, as indicated by broken line 
arrows, emitted forward from the whole front of the light guide 
plate 41. 
[0096] 

Although the reflecting means 20, 30, 40 of the above 
first to third embodiments adopt side light system in which 
a light source part is disposed on the side of the light guide 
plates 21, 31, 41, the reflecting means disposed on the backside 
of the liquid crystal display element 1 may adopt a system in 
which an electroluminescence layer is provided between a 
transparent front electrode such as an EL 

(electroluminescence) panel and a back electrode formed by a 
reflector, the light entering from the front is reflected 
forward by the back electrode, an electric field is applied 
between the electrodes to thereby drive the 
electroluminescence layer, and illuminating light emitted by 
the electroluminescence layer is emitted forward. 

[0097] 

According to the above embodiment, in the liquid crystal 
display device, the reflecting means 20, 30, 40 having a 
reflecting function of reflecting the light which has entered 
the liquid crystal display element 1 from the front and 
transmitted the liquid crystal display element 1 toward the 
liquid crystal display element 1 and a function of emitting 
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the illuminating light toward the liquid crystal display 
element 1 are disposes at the back of the liquid crystal display 
element 1, whereby reflection display using external light is 
performed in the environment where external light having enough 
brightness can be obtained, and when the device is used in the 
environment where external light having enough brightness 
can't be obtained, illuminating light is emitted from the 
reflecting means 20, 30, 40 to perform transmission display 
using the illuminating light. This invention, however, may 
be applied to the reflection type liquid crystal display device 
as well, which is adapted to perform reflection display using 
external light only. 
[0098] 

In that case, the reflecting means disposed at the back 
of the liquid crystal display element 1 may be an ordinary 
reflector having only a reflecting function of reflecting the 
light, which has entered the liquid crystal display element 
1 from the front and transmitted the liquid crystal display 
element 1 toward the liquid crystal display element 1. 
[0099] 

[Advantage of the Invention] 

According to the invention, in the liquid crystal display 
device, the liquid crystal display element is so constructed 
that the dif fuser is disposed between at least one of the front 
sheet polarizer and the back sheet polarizer which are disposed 
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with the liquid crystal cell interposed between them and the 
liquid crystal cell, and the reflecting means for reflecting 
the light which has entered the liquid crystal display element 
from the front and transmitted the liquid crystal display 
element toward the liquid crystal display element is disposed 
at the back of the liquid crystal display element, whereby much 
more incident light from the front can be emitted forward so 
as to obtain a bright screen. 
[0100] 

In the liquid crystal display device of the invention, 
preferably the reflecting means has a reflecting function of 
taking the light transmitting the liquid crystal display 
element as incident light and reflecting the light toward the 
liquid crystal display element and a function of emitting 
illuminating light toward the liquid crystal display element, 
and this type of reflecting means is adopted, whereby 
reflection display using external light is performed in the 
environment where external light having enough brightness can 
be obtained, and when the device is used in the environment 
where external light having enough brightness can' t be obtained, 
illuminating light can be emitted from the reflecting means 
to perform transmission display using the illuminating light. 
[0101] 

Preferably the liquid crystal display element is so 
constructed that the diffuser is disposed between the front 
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sheet polarizer and the liquid crystal cell. The liquid 
crystal display element is thus constructed, whereby out of 
the light which has entered the liquid crystal display element 
from the front to be diffused by the dif fuser, the light emitted 
to the front of the liquid crystal display element can be 
emitted with substantially uniform intensity from the whole 
area of the liquid crystal display element regardless of a 
change in the orientation state of liquid crystal molecules 
depending on the electric field applied between the electrodes 
of the liquid crystal cell to make the whole screen uniformly 
bright, and clear image light without blur due to diffusion 
can be emitted forward so as to display an image of good image 
quality . 

Brief Description of the Drawings: 

Figs. 1A and IB are side views of a liquid crystal display 
device showing a first embodiment of the invention; Fig. 1A 
shows a transmission path of light in reflection display using 
external light; Fig. IB shows a transmission path of light in 
transmission display using illuminating light; 

Fig. 2 is an enlarged sectional view of a part of a liquid 
crystal display element used in the first embodiment; 

Fig. 3 is an enlarged sectional view of a light guide 
plate and a reflector disposed at the backside thereof of 
reflecting means used in the first embodiment, with hatching 
partially omitted; 
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Fig. 4 is a sectional view of reflecting means, with 
hatching partially omitted, showing a second embodiment of the 
invention; and 

Fig. 5 is a sectional view of reflecting means, with 
hatching partially omitted, showing a third embodiment of the 
invention. 

[Description of the Reference Numerals and Signs] 

1: liquid crystal display element 

2: liquid crystal cell 

3, 4: substrate 

5, 6: electrode 

10: liquid crystal layer 

11, 12: sheet polarizer 

13: diffuser 

20, 30, 40: reflecting means 



44 



